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Abstract 
The Life Cycle Assessment (LCA) and Environmental Impact Assessment (EIA)  tools are compared in the article . The examples 
of how LCA methodology and results of LCA studies can be utilized to improve EIA procedures are presented. Application of 
the Canadian EIA guidelines to Carbon Capture and Storage projects is reviewed. As a case study, the Weyburn project in 
Saskatchewan, Canada is used.  
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1. Introduction 
The global trend towards the use o f taxation and credit trading systems to encourage the use of various methods 
to reduce the emissions of CO2 to the atmosphere will require the development and use of environmental assessment 
and management tools to better  understand the implications of t hese reductions. C arbon capture and storage (CCS) 
is one of technological solutions for emission reduction being given serious consideration globally.  
Several environmental tools and approaches such as Life Cycle Assessment (LCA), Environm ental Impact 
Assessment (EIA) and Environmental Risk Assessment (ERA) have been developed over the last few decades to 
identify opportunities for reduction of environmental impacts and risks of projects, processes, products, and 
services. This paper focuses on the applicati on of two environmental management tools, LCA and EIA, to CCS 
projects. 
Studies have shown that LCA can compliment and add value to the EIA (SETAC [1], Tukker [2], Finnveden and 
Moberg [3], Finnveden et al. [4] ). The Society of Environmental Toxicology and Chemistry (SETAC) started to 
discuss the relationships between LCA and other conceptually related environmental management tools as early as 
1993 [1] . There is no single tool or approach to address all the problems of environmental management. Thus, the 
goal of the SETAC was to define how different tools can complement each other. SETAC group has concluded that 
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EIA can be complementary to LCA, since it provides further and more detailed information about th e analyzed 
object. Tukker [2]  noted that LCA may b e useful in strategic and project EIAs, where environmental comparisons of 
processes and abatement alternatives are made. LCA permits the inclusion of all upstream and downstream 
activities, thus, taking into account all relevant effects along a life cycle . This data can be crucial for an accurate 
comparison of different alternatives. Finnveden et al. [4] agreed that Strategic Environmental Assessment (SEA) can 
benefit from use of more quantitative methods, such as LCA, when a choice between different alternatives is to be 
made. 
Both LCA and EIA have the same basic purpose of supporting decision making on the environmental aspects of a 
major project. However, LCA and EIA also have their differences. LCA is a tool used to perform the environmental 
assessment of a product, service or a process, as well as to identify possible improvements throughout the life cycle 
of the product. Meanwhile, EIA is a procedure to evaluate potential positive and negative environmental impacts of 
a planned, future project. One of the weaknesses of EIA is its inability to easily address global and regional 
environmental effects along the life cycle. This weakness can be complimented by the incorporation of an LCA that 
analyses the entire life cycle of the product. Thus, LCA can play  an invaluable role in improving EIA.  
This paper presents a review of the Canadian Guidelines for carrying out an EIA and suggests how the LCA tool 
can be applied for EIA studies. Suggestions are made on the EIA framework for a CO 2 capture and storage proj ect. 
The following questions are raised and discussed in the article:  
• Is EIA without LCA a complete EIA?  
• How the project boundaries of the CCS project should be defined?  
• Should CCS be treated as one project or three different projects (CO 2 capture, transpo rt and storage)?  
• Should new power production and CO2 capture units be subject to the EIA? 
• How to treat CO2 use for the Enhanced Oil Recovery (EOR)?  
In order to answer these questions , the CO 2 capture and storage project at the Weyburn oil field in Saskatch ewan, 
Canada is used as a case study . 
2. Life Cycle Assessment 
Life Cycle Assessment (LCA) is a technique that addresses the environmental aspects and potential  
environmental impacts (e.g. use of resources and environmental consequences of releases) throughout a product’s 
life cycle from raw material acquisition through production, use, recycling and final disposal (i.e. cradle -to -grave). 
LCA is conducted according to internationally recognized ISO 14040 standards – Environmental Management –  
Life Cycle Assessment . 
There are four phases in  an LCA study according to ISO 14044 :2006 standard [5] : 
• Goal and scope definition – here the intended use of the LCA is defined, system boundaries are set and the 
functional unit is selected; 
• Inventory analysis (LCI) – a databa se of all process es within the system boundaries is created. During this step 
the input and output data for all the processes in the product or service system are collected. These data are 
related to the functional unit.  
• Impact assessment  (LCIA) – evaluat ion of potential environmental impacts associat ed with the selected inputs 
(resources and materials)  and outputs  (emissions and waste). During this step inventory data on inputs and 
outputs is translated into information about the product system’s impacts on the environment, human health, and 
resources. 
• Interpretation of the results  – here the results of the LCA are evaluated according to the study’s goals. Sensitivity 
analysis is usually conducted here to qualify results and conclusions.  
3. Environmental Impact Assessment 
An Environmental Impact Assessme nt (EIA) is a planning tool that is used for identifying, predicting and 
communicating information about the environmental effects of a project, plan or a proposal . It is designed to provide 
“an effective means of integrating environmental factors into planning and decis ion -making processes” (CEAA [6]).  
The EIA in Canada is regulated under the Canadian Environm ental Assessment Act [6]. However, each province has 
its own provincial EIA process. For example in Sask atchewan, the assessment of a proposed project is reviewed 
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under “The Environmental Assessment and Review Process” administered by the Environmental Assessment  
Branch of Saskatchewan Environment (Clifton Associates [7]).  
The steps in the EIA are presented below (Federal Environmental Assessment Review Office [8]):  
• Scoping – where the environmental effects and likely cumulative environmental effects (e.g. e ffects from all 
relevant past, existing and future projects that are likely to act in combination with the environmental effects of 
the proposed project)  are identified and appropriate geographic and temporal boundaries are set.  
• Analysis – where the status of the receiving environment, the cumulative effects of the project and the cumulative 
environmental e ffects of the project in combination with future projects and activities are assessed.  
• Mitigation – where mitigation measures for cumulative environmental effects are identified. 
• Determining significance – where existing environmental standards, guidelines  and objectives are considered. 
The carrying capacity, tolerance level or assimilative capacity of the natural system(s) is  also considered, where 
possible. 
• Follow-up – here the accuracy of the assessment of cumulative environmental effects and effectivene ss of 
mitigation measures for cumulative environmental effects are evaluated.  
Projects and classes of projects relevant to the CCS, for which the Environmental Impact Assessment is required 
in Canada, are summarized in Table 1.   
 






All or any life 
cycle stages  
National parks and 
protected areas  
The proposed construction, decommissioning or abandonment in relation to a p hysical work in or 
on a national park, national park reserve, national historic site or historic canal that is contrary to its 
management plan.  
The proposed construction, decommissioning or abandonment, in a wildlife area or migratory bird 
sanctuary, of an electrical generating station or transmission line; an oil or gas facility or oil and 
gas pipeline; a mine; a waste management facility.  
Coal mining  Minerals and 
mineral processing  
The proposed construction, decomposition or abandonment of a coal mine wi th a coal production 
capacity of 3,000 t/d or more. 
The proposed expansion of an existing coal mine (50% or more increase in coal production, or 
1,500 t/d or more, if the increase would raise the total coal production capacity to 3,000 t/d or 
more).  
Power plant Electrical generation 
stations and 
transmission lines  
The proposed construction, decommissioning or abandonment of 200 MW or more fossil fuel -fired 
power station  
The proposed expansion of fossil fuel -fired power station (50% or more and 200 MW or more). 
Transport Oil and gas projects  The construction of oil and gas pipeline more than 75 km in length on a new right of way.  
EOR Oil and gas projects  The proposed construction, decommissioning or abandonment of a heavy oil or oil sands 
processing facili ty with an oil production capacity of more than 10,000 m 3/d.  
The proposed expansion of a heavy oil or oil sands processing facility (capacity increase that 
would exceed 5,000 m 3/d and would raise the total oil production capacity to more than 10,000 
m3/d). 
Storage Waste management  The proposed construction, decommissioning or abandonment of a facility used exclusively for the 
treatment, incineration, disposal or recycling of hazardous waste, or an expansion of such a facility 
that would result in an increa se in its production capacity of more than 35%. 1 
Source: Comprehensive Study List Regulations [9] 
1 The Clifton Associates report [7] identifies significant deficiencies in the existing legal and regulatory framework for CO 2 storage. “The 
existing laws, regulations and standards of the oil and gas, mining or even industrial CO 2 industries do not provide a basis for an effective 
regulatory framework for CO 2 storage”. Only the Province of Alberta has developed a Bill 37 – Climate Change and Emissions Managem ent Act 
(2003) with authority to develop regulations for CO 2 sequestration and storage.  
 
Another environmental assessment tool frequently used by practitioners is the Strategic Environmental 
Assessment. The Strategic Environmental Assessment (SEA) is the environmental assessment of proposed and 
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existing policies, programs and plans. The main purpose of SEA is to assist in considering early potential 
environmental impacts in strategic decision -making. SEA was  introduced in Canada in 1999; however, it gained  
little recognition at the provincial level (Noble [10]). Only recently, it has started to gain more and more attention as 
an important tool for incorporation of environmental considerations into decision -making process. The recent study 
conducted by Noble [10] identified the main barriers to effective implementation of SEA in Canadian provinces. 
These are the lack of legislative requirements for SEA, and the limited understanding of the nature and benefits of 
strategic environmental assessment.  
4. Comparison of tools  
4.1.  System boundaries 
System boundaries in LCA are set in the goal and scope definition phase. Each unit process within the life cycle 
of a product shall be included, except its “ deletion does not significantly change the overall conclusions of the 
study” (ISO 14044:2006  [5] ).  
From a life cycle perspective, environmental impacts from raw materials acquisition, th rough materials and 
product manufacturing, and product use to waste disposal should be taken into account. In case of CCS, it means 
that not only CO2 capture at the power plant, CO 2 transportation to the oil field and oil field operations should be 
included but also the coal mining, power plant construction and operations, CO2 pipeline construction, transport of 
crude oil to the refinery, refin ery operations and final use of refined products by the consumer. All associated 
emissions, wastes, resource use and energy consumption during all these life cycle stages should be considered. 
Thus, the use of LCA provides very comprehensive environmental assessment from a life cycle perspective. The 
situation is very different in case of EIA.  
Most EIAs concentrate on possible environmental impacts of a project, for example a power plant. The choice of 
spatial boundaries, therefore, is limited to the plant itself. The environmental effects considered in EIA are those in 
the surrounding area of the plant. Very often, downstream and upstream life cycle stages/processes are not part of 
the EIA. In order to better understand how the boundaries are set in EIA one can turn to the Canadian EIA 
legislation. 
The spatial and temporal boundaries are set during the scoping stage of EIA. The Canadian Environment al 
Assessment Act (CEAA) advises setting spatial boundaries in such as a way so that they “extend beyond a proje ct’s 
immediate site to include the area likely to be affected.” The temporal boundaries may be set to extend beyond the 
construction and operation time in order to include the period where possible environmental effect may occur. Thus, 
the EIA regulations are not in contradiction with a mode of setting system boundaries in LCA (the system 
boundaries in LCA include the whole life cycle chain). It can be concluded that some elements of LCA can be 
successfully used in EIA to increase the level of details and accuracy of environmental assessment.  
4.2.  Impact assessment  
Impact assessment in LCA traditionally focused on environmental impacts from emissions, wastes, resource use 
and energy consumption. Impact assessment categories that are usually used by practitioners are Global Warming 
Potential (GWP), acidification, eutrophication, stratospheric ozone depletion, photooxidant formation, resource use, 
land use, and human and eco -toxicity (Pennington et al. [11 ]). However, some categories such as toxicological 
effects only recently started to go through a considerable methodological de velopment (Finnveden et al. [4] ). Only a 
few methods exist to address impacts from other physical interventions, such as noise, odour, nuisance, radiation, 
and accidents.  
Environmental effec ts of a proposed project, mitigation measures and significance of the effects are reviewed in 
steps 2, 3 and 4 of the EIA, respectively. The status of the receiving environment is assessed here. It includes past, 
current and possible future activities that affect the environment, i.e. cumulative effects. Apart from environmental 
impacts, health and socio -economic conditions, physical and cultural heritage, use of land and resources for 
traditional purposes by aboriginal persons, and historical, archeologica l, paleontological or architectural resources  
are also included in the analysis (Federal Environment al Assessment Review Office [8 ]). No specific environmental 
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impact assessment methodology is used in EIA to assess the impacts. Adoption of LCIA methodologi es developed 
for the LCA, therefore, can be a good addition to the step 2 (Analysis) of the EIA.  
4.3.  Site-dependency 
LCA has traditionally been a site -independent or site -generic environmental assessment tool. However, with the 
development of new site -dependent LCIA methodologies, such as European models IMPACT 2002+ and 
EDIP2003; Japanese model LIME; US models TRACI and LSCEA; and Canadian model LUCAS, the situation has 
changed significantly. The site-dependent LCIA models use characterization factors specifi c for a certain country 
and region, thus, allowing more accurate assessment of environmental impacts. The site-dependent LCIA methods 
that may have a potential to be used in EIA studies in Canada are: 
• TRACI - the Tool for the Reduction and Assessment of Ch emical and Other Environmental Impacts  - is an 
impact assessment methodology developed by the U.S. Environmental Protection Agency (Bare et al. [12 ]).  
• LCSEA - the Life -Cycle Stressor -Effects Assessment (LCSEA) Model developed by the US organization 
Scient ific Certification Systems (SCS). The model is developed mainly for use in the electricity sector (SCS 
[13]).  
• LUCAS – the LCIA method Used for a C anadian -Speci fic context - is LCIA methodology developed by adapting 
existing LCIA models to the Canadian con text (Toffoletto et al. [14 ]). LUCAS provides characterization factors 
for the 15 Canadian terrestrial ecozones. The model is still under development.  
LCA and EIA tools are compared in Table 2.  
Table 2 . Comparison of tools  
 LCA EIA 
Objective  To evaluate e nvironmental performance of a process, 
product or service and identify possible improvements 
on a life cycle basis 
To assess positive and negative impacts on the 
environment of a planned, future project  
Type of tool  Analytical  Procedural 
Main use To impr ove a product, process or service  
To communicate environmental impact of a product  
Long term strategic planning  
To meet legislative requirements 
To identify the need for changes to the project to 
mitigate impacts  
System boundaries  Considers global and reg ional impacts throughout the 
life cycle  
Limited to a project 
Considers local impacts of a project  
Time  Retrospective and prospective  Prospective 
Spatial focus  Generally , not site-specific, but some life cycle impact 
assessment methods are site -dependent 
Site-specific  
Types of impacts 
considered 
Overall potential environmental impacts All effects of the planned project on the local 
environment 
Strengths Comprehensive analysis of impacts based on cradle -to-
grave approach  
LCA serves as validation for the system boundaries used 
in the evaluation of the environmental impacts 
Assesses both positive and negative effects  
Considers socio -economic effects of a project and 
cumulative effects of past, present and future projects  
Weaknesses Does not address the econ omic and social aspects  
LCI data must be used cautiously since production 
processes differ from country from country  
Preserving the confidentiality of some commercially -
sensitive LCI data without reducing the credibility of 
LCA can be a problem  
Boundaries limited to a proposed project 
Cannot easily address regional and global effects or 
effects along the life cycle  
No specific environmental impact assessment 
methodology is used to assess the impacts  
Source: adapted from SETAC  [1] 
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5. Carbon Capture and Storage  
5.1.  Application of EIA and LCA tools to CCS 
A literature search has shown that several  studies have been undertaken all over the world on LCA of CO2  
capture and storage (Waku et al. [15],  Spath and Mann [16 ], Khoo and Tan [17 ], Viebahn et al. [18 ], Odeh and 
Cockerill [19 ], Hertwich et al. [20 ]). However, publications on EIA of the full CCS chain that includes CO2 capture,  
transportation and storage are limited to couple of European studies (Koorneef et al. [21], Eriksson et al. [22]). The 
usual practice is not  to consider all stages of the CCS as one activity or project but to split it into sub -projects, for 
example EIA of the CO2 pipeline. Thus, the question arises, whether the CO2 capture at the power plant, CO2 
transport and geological storage should be cons idered as one project or treated separately as three different projects. 
It is especially relevant when all three parts of the chain belong to and are managed by different entities and 
constructed at differ ent times. Koorneeef et al. [21] argues that it would be beneficial to combine all three EIAs into 
one or at least establish a close linkage between them.  
The stu dy done by Koorneeef et al. [21] focuses on application of EIA and SEA procedures to the CCS projects 
in the Netherlands. However, the authors p erformed a comprehensive review of EIA studies on three process steps 
of  CCS from all over the world. O ther research has been conducted by Vattenfall in Sweden  (Eriksson et al. [22]). 
The SEA methodology was applied to summarize the current knowledge on en vironment al aspects of CO2 capture, 
transport and storage.  
5.2.  Case study: EIA of CO 2 capture and storage in Canada 
The Weyburn CO2 EOR and storage project is chosen as a case study in this article. The Weyburn unit is located 
in southern  Saskatchewan, Canada.  The CO2 EOR was started in 2001 and will continue for 25 years.  
5.2.1. Power plant 
The CO2 is captured at the Dakota Gasification Company (DGC)  in the U.S. This facility converts lignite coal 
into synthetic natural gas. The CO2 is one of the by-products of the p rocess. The CO2 stream is quite pure; it 
contains approximately 95% CO2, 1% H2S and 4% hydrocarbons by volume. This stream was previously fed to 
plant boilers, to destroy the H2S and utilize the heating value of the hydrocarbons, then released to the atmosphere 
(Huxley [23]). When, EnCana expressed the interest to purchase CO2 for EOR, the only modification done was the 
addition of the compression system . This modification was not EIA obligatory.  
Another case is addition of CO2 capture unit to the existing  power plant. One can argue that adding the CO2  
capture unit will affect the design and operations of the power plant (decrease plant efficiency and electricity 
production; more fuel will be required to sustain the same capacity of the plant as before the addition of the CO2 
capture unit). The emission profile will also change, thus, the environmental impacts of the power plant will be 
different. Therefore, the EIA would be logical when the addition of CO2 capture unit to the existing power plant is 
performed. LCA studies of energy systems with CO2 capture and storage [15 -20] can play an important role when 
assessing the changes in the environmental impacts of power plants with and without CO2 capture unit. LCA can 
help to identify all the environmental effects along the life cycle. For example, it will include effects of increased 
coal mining in the case of coal -fired power plant (e.g. increase in resource and energy consumption, as well as 
associated emissions such as methane). Impacts of CO2 capture proces s would also be accounted for. If MEA 
(monoethanolamine ) process is used, it will result in the increase in the acidification potential due to the NH3 
emitted from the capture plant. These effects can easily be neglected when only EIA is conducted.  
The Saskatchewan electricity production company SaskPower has recently announced the Integrated Carbon 
Capture Sequestration Demonstration project at the Boundary Dam Power Station (SaskPower [24]). Unit 3 of the 
power plant would be re-powered; initially, 50% of the CO2 would be captured and stored geologically; the capacity 
of the plant would reduce from 139MW el  to 120MW el  due to CO2 capture. The question is whether the new power 
and capture units would be subject to EIA. Based on the previous practice, one can guess that the construction of a 
new capture unit would probably trigger the EIA; however,  the power unit  would not be a subject of EIA (see Table  
1). 
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5.2.2. CO2 pipeline 
The Souris Valley Pipeline interconnects with the U.S. portion of the pipeline to transport CO2 from the Dakota 
Gasification Company CO 2 Pipeline Project in North Dakota to the Weyburn oil field.  61 km of 324 mm outside 
diameter pipeline are located  on Canadian territory (National Energy Board [25 ]). According to the CEAA, t he EIA 
should be condu cted for the construction of oil and gas pipeline more than 75 km  in length (see Table 1). Since the 
Canadian part of the pipeline is less than 75 km, the project was automatically not a subject of EIA under federal 
regulations . The environmental assessment only was conducted as part of the provincial regulations [ 25]. The 
environmental assessment is a first step of the Canadian EIA procedure. The competent authority then  d ecides 
whether the project is subject to more stringent Environmental Impact Statemen t. If the full length (333 km)  of the 
pipel ine had been considered , this expansion would have triggered the full EIA.  
5.2.3. EOR 
EnCana is the Wey burn oilfield operator. Medium crude oil is currently produced at the rate of ~30,000 barrels 
(4,770 m3) of oil per d ay at Weyburn oil field. This is  a 20,000 barrel (3,180 m 3) per day increase over the 10,000 
barrels (1,590 m 3) of oil per day that would be produced without the CO2 EOR technique (EnCana [26]). According 
to the CEAA (Table 1), CO 2 EOR is not a subject to EIA (both total and additional oil recovery are under 10,000 
m3/d and 5,000 m3/d, respectively). However, the question here is how to treat CO 2 use for the EOR. If CO2 is used 
purely for EOR, then, it is one case. Another case is if CO 2 is stored ; there is  a change in the oil field operations 
from oil production to oil production and CO 2 storage. The purpose of the oil field would be changed and then, EIA 
would be required . 
6. Discussion and Conclusions  
Fundamentally, EIA procedures  have number of weaknesses such as the environmental analysis is limited to a 
specific project, only local impacts are being considered, regional and global effects or effects along the life cycle 
cannot easily be addressed. In th e contrast, LCA permits the inclusion of all upstream and downstream activities, 
thus, taking into account all environmental impacts along a life cycle.  There is also no specific environmental 
impact assessment methodology developed for the EIA. EIA practitioners use the best available methods , their own 
expertise and judgment to estimate environmental impacts of the project. With the development of site-dependent 
LCIA methodologies there is a lot of potential to apply these models to EIA to increase the level of detail  and 
accuracy of environmental assessment .  
It is also important to discuss the system boundaries definition in EIA and LCA. EIA allows the determination of 
logical project boundaries, while LCA deals with the project from the life cycle perspective, therefore, allowing the 
testing of overall imp rovements in environmental impacts. The LCA is a quantitative tool that can help to accurately 
evaluate different project, process or product alternatives. By including elements of LCA into EIA one can also 
answer the question “ whether it is better not to capture CO 2, produce additional electricity and not extract extra oil?”  
If LCA is not conducted for a specific project, it is not possible to test all the alternatives in depth. Thus, the EIA 
procedure can never be complete without using elements o f the LCA methodology. 
The literature review showed that LCA methodology has been successfully applied to CCS projects all over the 
world. The methodology and results of these studies can be very useful in EIA to determine the system boundaries 
of the CCS projects . The EIA regulations for CO 2 capture and storage projects should be developed with a life cycle 
perspective in mind. It is beneficial to treat the CCS project as one project, not three different projects (CO2 capture,  
transport and storage) in order to get a complete environmental picture and analyze different alternatives.  
In Canada, the EIA regulations for CCS projects are in the early developm ent stage. There are a n umber of 
deficiencies in the legal and regulatory framework for CO2 capture, transport a nd storage has been identified. The  
ongoing and proposed CCS projects need the proper regulations to be in place to prevent any adverse impact on the 
society and environment.  
Number of questions has been raised in this article. The questions regarding the CCS project boundaries, 
application of EIA procedures to the construction of a new power plant with CO2 capture unit , EIA procedures for 
the addition of the CO2 capture to the existing plant; and how to treat the use of CO2 for the EOR still remain 
unansw ered. These questions are the potential topics for future research. 
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